In this study, we evaluated the efficacy of a novel method of seminal vesicle (SV) preparation-ring preparation method-in isolated SV experiments in the rat. Rat SVs were prepared as strips and rings and applied to organ baths. The relaxation responses by sodium nitroprusside or doxazosin and contractile responses by electrical field stimulation (EFS) were recorded in both groups. We compared the proportion of tissues that showed consistent responses to the stimuli-drug or EFSin both groups. And magnitudes of the contractile or relaxation responses were also evaluated in the two groups. In strip preparations (n ¼ 20), six tissues (30%) showed stable responses to drugs and were regarded to be useful. However, in ring preparations (n ¼ 20), 13 tissues (65%) showed stable responses (Po0.001). Similarly, consistent contractile responses to the EFS were recorded in eight strips (40%) and 13 rings (65%) (n ¼ 20 in each group; Po0.05). The magnitudes of the relaxations by drugs were not different between the two methods (P ¼ 0.42) and the contractions by EFS were higher in ring preparations (Po0.05). The ring preparation seems to be better for responses to drugs and EFS compared with the strip preparations and, therefore, might be an alternative technique for in vitro SV experiments.
Introduction
Ejaculation is a complex process involving sympathetic neuronal input, the release of ejaculatory duct closure resistance and coordinated contraction of the seminal vesicles (SVs), and ductus deferens smooth muscle causing the sequential release of fluid from the sexual accessory glands and expulsion of sperm along the urethra to the urethral meatus. 1 The human SVs are a lateral outpouching of the vas deferens with a capacity of 3-4 ml; these tubuloalveolar glands are the major sites for the production and storage of seminal fluid and consist of a mucosal layer lining the lumen, and a thick outer layer of circular and longitudinal smooth muscle. 2 The rhythmic contractions of the smooth muscle of the SVs are vital to the facilitation of seminal fluid discharge. As defects of the regulation of SV smooth muscle tension may result in impaired ejaculation, the SVs have been the main target of the study to better understand ejaculation physiology and the associated disorders.
Although our understanding of the functional and dynamic properties of the SV as a contractile organ is limited, earlier in vitro organ bath studies in animals have provided important neurophysiological clues about the mechanism underlying the process of ejaculation. 3 As the walls of the SV are lined by smooth muscle cells, the inhibition of SV contraction by pharmacological drugs, such as smooth muscle relaxants, was thought to result in delayed seminal fluid discharge. Therefore, the SV might be the most important target organ for the monitoring of ejaculatory responses. [4] [5] [6] [7] Previous isolated rat SV studies have investigated the effects of drugs or electrical field stimulation (EFS) on the SV smooth muscle; generally, these studies have used the strip tissue preparation after removing the surrounding connective and fat tissues. Once the tissues were appropriately prepared, the isometric contractions of the suspended strip in the organ chamber were recorded. [8] [9] [10] Materials and methods
Aims
In contrast to the previous experiments using SVs, in vitro animal studies usually use hollow viscus organs such as blood vessels and trachea. These tissues are generally cut into ring or spiral shapes to record the response of both the circular and longitudinal muscle layers, preserving the physiology of the intact circular structures. 11, 12 In addition, the ring preparation technique makes it easier to manipulate the tissues and therefore saves time thereby reducing the tissue destruction and hypoxic damage associated with tissue manipulation. The SV is a thick-walled muscular organ with a tubular structure similar to other hollow organs. Therefore, its contractility might be recorded more accurately and physiologically using a ring model. In this study, we compared the efficacy of the strip and ring preparations as a method for isolated rat SV experiment by analyzing tissue responses induced by several compounds and EFS.
Methods
This study was reviewed and approved by the Institutional Animal Care and Use Committee of Samsung Biomedical Research Institute (SBRI). The SBRI is an Association for Assessment and Accreditation of Laboratory Animal Care International accredited facility and abides by the Institute of Laboratory Animal Resources guidelines. The SV specimens were obtained from 12 mature SpragueDawley rats between 12 and 20 weeks of age. After the animals were killed by cervical dislocation, the SVs were removed bilaterally by an abdominal midline incision; they were dissected and the surrounding connective and fat tissues were removed; the thick seminal fluid in the SVs was gently squeezed out. Each of the SV tissues were carefully excised and cut into rings (3 mm in length) under a dissection microscope. The strips were produced by opening the rings and scissoring the tissues into 5-mm-long and 3-mm-wide rectangular fragments. The prepared tissues were immediately placed in the organ chamber filled with Krebs solution (pH 7.4) composed of 120 mM/l À1 NaCl, 11 mM/l À1 glucose, 25 mM/l À1 NaHCO 3 , 5mM/l
À1
KCl, 1 mM/l À1 NaH 2 PO 4 and 2.5 mM/l À1 CaCl 2 (pH 7.4). The nutrient solution was continuously bubbled with a mixture of 95% O 2 and 5% CO 2 at 37 1C and renewed every 30 min. During one procedure, two strips and two rings were suspended between two stainless-steel clamp-and triangularshaped pins, respectively; the strips were attached along the same direction as the longitudinal muscle layer ( Figure 1 ). One was fixed and the other was connected to an isometric force-displacement transducer with a silk thread. The changes in isometric forces were recorded on a computer with the PowerLab Chart version 5.3 software (AD Instruments, East Sussex, UK) to test the effects of pharmacological compounds and the EFS on the rat SV smooth muscle contractions.
The tissues were allowed at least 1 h of equilibration time under the optimal resting tension of 0.5 g. After the norepinephrine (NE) 1 Â 10 À5 M was added to induce muscle contractions before the addition of various drugs, the relaxation effects of the NO-donating agent, sodium nitroprusside (SNP) and the a-blocker doxazosin (1 Â 10
were evaluated at the maximal contraction by NE; the strips and rings were assessed during a 10 min interval. All of the concentration-effect curves were obtained using the cumulative method of drug addition. The relaxation responses of the SV tissue were expressed as the percentage of reversion from the initial NE-induced tension.
In another series of experiments, the EFS was studied using an S48-stimulator (Grass Instrument Co., Quincy, MA, USA) with two platinum electrodes positioned on each side and parallel to the axis of the SV strip and ring preparations. The contractile responses were obtained in the tissue specimens under resting tension. The frequency-response or voltage-response relationships were determined on a few SVs to determine the optimal stimulation conditions causing the maximum contractile response in the isolated rat SV under variable EFS Ring preparation method in isolated rat SV experiment HW Lee et al conditions. The determined optimal EFS (100 Hz, 5 ms, 10 V for 5 s) was used on both the ring and strip preparations. The contractions were reported as the increase in tension from the resting tension. All values are expressed as means ± s.e.m. of absolute values or percentage change from the control values. Statistical significance was assessed with the MannWhitney U-test. A probability (P) value o0.05 was considered to be statistically significant.
Main outcome measures
On the basis of the concentration-effect curves of the added drugs and the contractile responses to the EFS, the response rates of all tissues after drug and EFS administration and the absolute magnitude of the contractile and relaxation responses were analyzed for comparing the efficacies of two methods. The 'response rate' was defined as the percentage of the tissues showing expected concentration-dependent relaxation to drugs from the pre-contraction state with NE or consistent contractions in response to the EFS.
Results
The concentration-dependent relaxations, of the SNP and doxazosin (1 Â 10 À6 -1 Â 10 À4 M), on the isolated contracted rat SV with NE 1 Â 10 À5 M, were observed in 6 of 20 strips (30%) and 13 of 20 rings (65%). According to these findings, the ring preparations showed a significantly higher response rate to the pharmacological agents than did the strips (Po0.001). The absolute contractions, from the resting tension induced by the NE 1 Â 10 À5 M, were 0.24 ± 0.028 g in the strips and 0.42 ± 0.060 g in the rings, after adding NE 1 Â 10 À5 M (Po0.001). The contractions were reduced in a cumulative dosedependent manner to 93% at 1 Â 10 À6 M, 80% at 1 Â 10 À5 M and 69% at 1 Â 10 À4 M of the SNP concentration in the strips, and 90% at 1 Â 10 À6 M, 81% at 1 Â 10 À5 M and 57% at 1 Â 10 À4 M in the rings (Figure 2) . Similarly, the doxazosin-induced relaxations were reduced to 73% at 1 Â 10 À6 M, 23% at 1 Â 10 À5 M and 0% at 10 À4 M in the strips, and 80% at 1 Â 10 À6 M, 38% at 1 Â 10 À5 M and 22% at 1 Â 10 À4 M in the rings (Po0.001) (Figure 3) . In contrast to the response rate noted above, there was no significant difference in the magnitude of the relaxation responses with SNP between the two different methods (P ¼ 0.42). For the optimal EFS (10 V, 100 Hz, 5 ms duration for 5 s), 65% of the ring preparations showed consistent contractile responses, whereas only 40% of the strip preparations showed consistent contractile responses (Po0.05) (Figure 4) . The mean contractile strength was 0.87 ± 0.55 and 0.46 ± 0.34 g in the ring and strip preparations, respectively (Po0.05).
Discussion
Premature ejaculation (PE) is recognized as the most common male sexual disorder with a prevalence of around 25-40% among all men at some point of their life. 13 Men with self-reported PE have higher levels of intercourse-related anxiety and reduced satisfaction in their sexual relationships.
14 Despite its prevalence and adverse impact on the quality of life, PE has received little research attention and therapeutic strategies for its treatment are limited. Although the pharmacological research of human ejaculatory disorders has been limited to clinical studies with registered drugs that affect ejaculation, for a more comprehensive insight into the effects of medication on the underlying pharmacological processes, animal research is essential.
Although ejaculation has been thought of as a single event, it involves three distinct components: emission, ejection and orgasm. 1 Emission is a Ring preparation method in isolated rat SV experiment HW Lee et al sympathetically mediated neural function involving the release of ductal ejaculatory closure resistance and the coordinated contraction of the SVs and ductus deferens smooth muscles. The sympathetic signals cause the release of NE from the postganglionic neurons of the seminal tract to activate smooth muscle 1-adrenergic receptors. As a result, sperm is propelled to the ampulla, which subsequently contracts, forcing the seminal fluid into the posterior urethra. It has been suggested that PE is caused by a hyper-excitable ejaculatory reflex, resulting in a more rapid emission and/or expulsion phase. 15 The current knowledge on the neuronpharmacology and neuron-anatomy related to the function of the SVs is largely derived from in vitro animal experiments.
In vitro studies have generally investigated the effects of pharmacological agents or EFS on isolated SV strip tissues in organ chambers similar to the studies on the urinary bladder. 16 In general, isolated SV studies have used strip preparation suspended in an organ chamber. [8] [9] [10] However, the SV is a highly contractile tubular organ composed of circular and longitudinal smooth muscle layers similar to blood vessels and the trachea. In contrast to studies on the SV, the experiments for hollow organs usually use a ring preparation, for example, studies investigating the effects of sildenafil on human penile blood vessels 12 and testosterone-induced vasodilatory effects of the rat aorta. 17 Similarly, In vitro bath studies could provide more accurate and physiologic results with the ring technique which preserves the natural tubular structure of the SV. In addition, the ring technique demands less manipulation and time to prepare the tissue specimen than the strips; therefore, the ring technique can minimize the hypoxic damage and destruction of the tissue integrity associated with the manipulation of these tissues. In one study of the human vertebral artery, with implications for fetal injury, the strips were susceptible to longitudinal stretching. 18 Therefore, we thought that if the ring tissue preparations were introduced in an SV organ chamber study, the experimental conditions and study efficacy could be improved. To prove this, we compared the response rate of the SV to variable drugs and EFS in two methods.
To investigate the relevant functional responses of the SV, we evaluated the effects of NE, doxazosin, SNP and EFS on the SV preparations. The concentration-dependent relaxant effects of SNP, an NOdonating agent and doxazosin, an a1-adrenergic receptor blocker, on the rat SV have been reported in previous studies. 9, 10, 19, 20 The a1-adrenergic sympathetic innervations and NO-cyclic guanosin monophosphate pathway have been reported to be involved in the control of SV motor activity by intracellular regulation of the smooth muscle. 3, 9, [21] [22] [23] Also, the frequency-dependent contractions of SV, elicited by the EFS, have been reproduced in a few experiments, which occur through neurotransmitters including acetylcholine and adenosine triphosphate. Ring preparation method in isolated rat SV experiment HW Lee et al
The results of this study showed that the proportion of tissues responding to the drugs and EFS was greater for the rings than the strips. When evaluating the methodological efficacy, we focused not on the absolute response magnitude in a responding tissue but the response rate. This is because the usefulness of a given model depends more on its ability to reproduce response patterns than on the magnitude of the response. In general, a greater number of procedures can be performed, with limited supply of tissues, when the response rate is high. In addition, the magnitude of the response can vary with the direction of the smooth muscle alignment or with small differences in the experimental conditions. The method of fixing the tissue with pins could also be an important factor because the triangular pattern reflects the sum of the contractions of more smooth muscle tissues due to its larger length compared with the clamp method. Finally, by reducing the additional cutting manipulation, the time to perform the experiments was reduced as well as the resulting hypoxia and destruction of natural structures. Unfortunately, we did not demonstrate the benefits of the ring preparations in the context of the magnitude of the response; future studies are needed to address this issue.
Conclusions
The results of this study showed that the ring preparation method of SVs demonstrated better efficacy for studying functional muscular responses to various pharmacological compounds and EFS compared with the strip method. In addition, the ring method reduced the manipulation time and as a result minimized tissue destruction. Therefore, this novel technique for SV research might provide an alternative tissue preparation method for in vitro experiments investigating the pathophysiology of PE or for the development of new therapeutic agents for PE.
